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Abstract 
The Nile rat, Arvicanthis niloticus has value in laboratory research in medicine, physiology, 
behavior, and other related fields. However, there exists a paucity of information on the impact 
of captive feeding on the morphometric traits of these rats. This study seeks to evaluate the 
quantitative traits of Arvicanthis niloticus under five feed treatments with a view of modeling its 
body weight from it. Eighty rats divided into twenty rats per treatment were used for the study. 
Data collected include Head Length (HL), Tail Length (TL) and Total body length (TBL) and Head 
Girth (HG) and Weight gained (TBW). Data obtained were analyzed using correlation, ANOVA, 
while cubic, quadratic, simple, and multiple regressions were used in modeling growth. The 
results obtained indicated no significant (p<0.01) difference in all the growth parameters 
assessed for all the treatments. However, among the treatments used, grower mash had the 
highest value across all the parameters assessed. Phenotypic correlation (r) among all the 
assessed parameters in T2, T3, T4, and T5 had no significant (p>0.01) correlation with TBW but were 
significant (p<0.01) and highly correlated (r > 80%) with TBL. Across the treatments, coefficient of 
determination (R2) for all the models ranged from 0.004 to 0.832, while multiple linear equations 
(MLR) and simple linear equations were considered as the best models as they accurately and 
relatively estimated the actual bodyweight of Arvicanthis niloticus. The study recommends the 
use of grower mash and sorghum seed in feeding the rats in captivity as it will bring about 
improvement in their quantitative traits, thereby ensuring its sustainable production. 
 
Keywords: Arvicanthis niloticus, Growth modeling, Feed treatment, Correlation, Morphometric 
traits 
 
1. Introduction 
Nile rat (Arvicantis niloticus) is a common species of rats seen along the cultivated banks of the 
Nile. It does a lot of damage to crops and stored grain and maize. When living out of doors they 
make shallow burrows, but in-doors they live behind sacks of grain, in cracks in walls, and roofs 
(Refinetti, 2004). The Nile rat, Arvicanthis niloticus occupies a number of different habitats where 
it feeds on different varieties of feed. Reports have shown that the Nile rat feeds on grasses and 
their roots (Lundrigan and Conley, 2000) as well as seeds, herbs, and sometimes insects (Delany 
and Monro, 1986; Happold 1987; Lundrigan and Conley, 2000). However, this food preference 
of the Nile rats has resulted in it becoming a serious pest to cereal crops such as sorghum, millet, 
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rice, and wheat in certain parts of northern Nigeria (Happold, 1987; Ezealor and Gile, 1997). 
Adeyemi et al. (2005) also recorded significantly higher Nile rat population density in 
rice/sorghum plot than in the woodland plot. Delany and Monro (1986) therefore associated 
increased reproduction of Nile rats to rainfall and increased food quality and availability. 
Although the feeding preference of the Nile rats in captivity has not been properly studied, 
Orsar and Agbelusi (2006) described the Nile rat as a 'wasteful' feeder whose mode of feeding, 
food composition, and the particular plant parts selected needed to be studied. Orsar and 
Agbelusi (2006) however documented some plants utilized by the Nile rats in the wild, such as 
Dactyloctenium aegyptium, Andropogon gayanus, and Hyparrhenia dissoluta which were the 
most highly utilized plant species. Also, Panicum maximum was reported to be utilized 
moderately, while Setaria barbata (bristly foxtail) and Rottboellia cochinchinensis (corngrass) 
were utilized slightly.  
Given its diurnal activity patterns, rapid breeding capabilities and small size, A. niloticus has 
value in laboratory research in medicine, physiology, behavior, and other related fields. In 
captivity, A. niloticus colonies have been validated as diurnal and are thus more similar in 
certain respects to human and other diurnal mammals than typical lab rats or mice. 
(Blanchong and Smale, 2000; McElhinny, et al., 1997; Refinetti, 2004), thus their ability to serve as 
a suitable laboratory test species. Information on the behavior and food preference of Nile rats 
in captivity is important for any campaign. Therefore, this study assessed the effect of different 
feed treatments on their morphometric trait parameters and also models its growth rate with a 
view of estimating it using its traits parameters. 
 
2. Materials and Methods 
 
2.1. Experiment site 
The experiment was set up in the Animal House of the Department of Wildlife and Range 
Management, University of Agriculture, Makurdi, Benue State, Nigeria. The study was carried out 
at the University of Agriculture Makurdi Community. It is located between latitude 7° 38’ to 7° 
51’ N and longitude 8° 29’ to 8° 52’ E in the Northern part of Makurdi Local Government Area of 
Benue State. It has a landmass of 8,048 hectares. The University shares common boundaries with 
river Benue and Makurdi town in the south, in the west with Federal Housing Estate, in the east 
with Tyodugh village, in the North with Agan village and the northeast with Guma Local 
Government Area. The vegetation is dominated by tall perennial grasses and woody species. 
The soil is very fertile, rainfall begins in April and ends in October, while dry season begins in 
November and ends in March. The University has a population of over thirteen thousand people 
including students and staff (UAM, 2011). 
   
2.2. Nile rat (Arvicanthis niloticus) Procurement and stocking of samples 
Nile rats (Arvicanthis niloticus) were collected from the wild at Makurdi (derived Savannah), 
Gwer-west (Woodland), Guma (woodland and Savannah), and Kwande (Woodland), all in 
Benue state Nigeria in November and December 2016. Local hunters in these areas were 
recruited for the rat collection using various locally devised traps. A total of four hundred (400) 
rats were collected during this period. However, rats with similar size and an average weight of 
75.47±8.86 g (total of 80 rats) were selected and used for this study. Collected rats were 
transferred to the Animal House of the Department of Wildlife and Range Management, 
University of Agriculture, Makurdi, Benue State, Nigeria, and allowed to acclimatize for four 
weeks to enhance good health as specified by Suleiman et al. (1984). 
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2.3. Feed Treatments and feeding regime 
The selected rats were divided into five sets of four (4) rats each and subjected to five different 
feed treatments (T1, T2, T3, T4, and T5). The feed treatments were; T1 (grower mash), T2 (yam peel), 
T3 (fresh cassava tuber), T4 (sorghum seed), and T5 (guinea grass – Panicum maximum). Each of 
the treatments was set up in four (4) replications containing 4 rats (2 males and 2 females) per 
replicate. The rats were fed regularly and water provided ad libitum.  
The experiment was set up for one hundred and fifty days (150 days). A cage size of 60 cm x 30 
cm x 30 cm was used to house each of the treatment replicates. 
 
2.4. Data Collection  
The body weights of the rats were measured daily using a calibrated scale (Camry Emperors 
top load scale). The body weight was measured in grams. Bodyweight gain was calculated by 
subtracting the initial weight from the final weight using the formula: 
𝑊𝑒𝑖𝑔ℎ𝑡 𝑔𝑎𝑖𝑛 (𝑊𝐺) = 𝐹𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑊1) − 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡(𝑊0) - - (1) 
The morphometric parameters of each of the experimental rats were measured weekly. The 
Head Length (HL), Tail Length (TL), and Total body length (TL) were measured using a ruler 
calibrated in millimeters (mm), while a measuring tape was used to measure the Head Girth 
(HG) in millimeters. 
 
2.5. Data Analysis 
Data obtained were subjected to statistical analyses using the Statistical Package for Social 
Sciences (SPSS) version 20.0 (IBM Corp, 2011). Descriptive statistics, analysis of variance 
(ANOVA) and means separated using least significant difference (LSD), correlation and 
regression analyses were used for data analysis as described by Ukpong et al. (2013; 2015; 2019) 
and Jacob et al. 2019. The correlation was used to determine the phenotypic relationship 
among body parameters, while simple and multiple linear regressions, quadratic and cubic 
functions as used by Okon et al. (2017) and Jacob et al. 2019 were used in predicting body 
weights from morphometric traits of the study samples. The models for the equations were: 
i. Simple linear regression 
Y = a + b(xi) + e - - - Equation 1 
ii. Multiple linear equations 
Y = a + b(xn) + e  - - Equation 2 
iii. Quadratic function 
Y = a + b(xi) + c(xi)2 - - Equation 3 
iv. Cubic function 
Y = a + b(xi) + c(xi)2 + d(xi)3 - Equation 3 
Where: Y = Dependent variable (body weight) a = Intercept on the y – axis, b, c, d = Partial 
regression coefficients, xi, xn  = Independent variables (i.e. the dimensional shell measurements) 
ei = Random error [identically, independently and normally distributed with zero mean and 
constant variance (iind ~ 0,δ2)]. 
 
3. Results and Discussion 
 
3.1. Quantitative traits measurements 
The quantitative growth parameters of Nile rats in all the various treatments are indicated in 
Table 1. The results indicate a no significant (p<0.01) difference in all the parameters assessed 
for all the treatments. However, total body weight (TBW) of the rats ranged from 80.51g – 94.65g, 
head length 36.78mm – 39.54mm, head girth 61.22mm – 65.52mm, tail length 115.24 – 124.49mm 
and total body length 238.60 – 258.53mm. Among the treatments used, grower mash had the 
highest value across all the parameters assessed. This could be attributed to the amount of feed 
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intake and mineral constituents. Unlike other treatments, the poultry's growers mash is a carefully 
formulated diet that is usually used in the laboratory as a control diet in several experiments 
involving rodents (Isaac et al., 2007; Nodu et al., 2014; Omotoso, 2017). The growers' mash is 
formulated to contain appropriate levels of ash, crude protein crude fiber, crude fat, ether 
extract, nitrogen-free extract, metabolizable energy, calcium and some essential minerals 
necessary for the growth of livestock (Khana et al., 2008; Ucheghu et al., 2008). The balanced 
nutritional composition of the treatment resulted in increased feed intake, body weight, and 
improve trait parameters than other feeds in this study although not significantly different 
(p<0.01). 
Sorghum seeds contain some levels of indispensable amino acids like arginine, lysine, 
methionine, cysteine, and tryptophan. Linoleic acid is also present in sorghum while its yellow 
endosperm with carotene and xanthophylls increases its nutritive value (FAO, 1995; Olomu, 
1995; McDonald et al. (2000). The whole seed grain, endosperm, germ, and bran of sorghum 
seeds are also rich in protein, ash, oil, starch, niacin, riboflavin, and pyridoxine (FAO, 1995). 
Similarly, with theses wide array of the nutritional composition of the sorghum seed, it, therefore, 
follows that the Nile rats also feed more on the sorghum seed to produce good trait 
parameters. 
The relative trait parameters of the other three treatments could also be attributed to their 
mineral contents. Guinea grass (Panicum maximum) used in this study has been used as forage 
fodder for herbivorous livestock and is one of the top two ranked forage plants (Chiphwanya et 
al., 2017). According to Okoruwa and Agbonlahor (2015), the guinea grass contains about 
7.04% of crude protein, 30.89% of crude fiber, 3.88% of ether extract, 8.56% ash and 49.63% 
nitrogen-free extract. Also, yam peel is reported to contain about 10% crude protein, 4% ether 
extract, 2% crude fiber, and 1.4% ash content (Lawal et al., 2012). It is also reported to contain 
higher phytate content (637 mg/g) than cassava (624 mg/g) (FAO, 1990). The presence of this 
phytate in foods limits the availability of some notable minerals like magnesium, iron, zinc, 
manganese, and calcium, lowering their absorption in the body and causing deficiencies 
(Groff et al., 1995). Unlike the other feeds used, cassava tuber is composed almost exclusively of 
carbohydrate, with a very low protein content of approximately 0.7% to 1.3% fresh weight (Ngiki 
et al., 2014; Stupak et al., 2006; Olugbemi et al., 2010), hence its relative trait parameters 
compared to other feed treatments. 
 
Table 1: Mean growth rate of morphometric traits of Nile rat under various treatments 
 
T1 T2 T3 T4 T5 P-value 
TBW 94.65±27.11 90.13±12.24 80.51±570 84.55±5.45 
90.68±9.25 NS 
HL 39.54±3.72 37.22±4.41 37.28±4.60 39.29±4.05 
36.78±4.82 NS 
HG 65.52±6.47 62.83±8.35 61.47±7.37 64.73±6.71 
61.22±8.14 NS 
TL 124.49±10.90 119.12±18.35 117.10±14.34 124.11±12.77 
115.24±12.53 NS 
TBL 258.53±23.28 248.68±34.17 243.04±29.26 254.16±28.97 
238.60±28.45 NS 
TBL = total body length, HL = head length, HG = head girth, TL = tail length and TBL = total body weight *** 
= (p<0.01), ** = (p<0.05), NS = Not significant 
 
3.2. Phenotypic Correlation among morphometric traits 
The results in Tables 2,3 and 4 indicate the phenotypic correlation among the morphometric 
parameters across the treatments. In T1 (grower mash), total body weight (TBW) only had a 
significant correlation (p<0.01) with tail length (TL), while total body length (TBL) showed a strong 
positive and significant (p<0.01) correlation for all the assessed parameters except TBW (Table 
2). In sorghum (T2) (Table 2), T3 (fresh cassava) (Table 3), T4 (yam peel) (Table 3) and T5 Panicum 
maximum (Table 4), none of the assessed parameters had significant (p>0.01) correlation with 
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TBW but were significant (p<0.01) and highly correlated (r > 80%) with TBL. All other parameters 
had strong (>80%) positive and significant correlation (p<0.01) among themselves. These results 
imply that a corresponding growth in head length, head girth, and tail length would have a 
significant impact on the total body length of the rat and insignificant effect on the weight. The 
results obtained in this study is in accordance with snail studies by Okon et al. (2010), Okon and 
Ibom (2011), Ukpong et al. (2015), Okon et al. (2017), Ukpong et al. (2018) and Jacob et al. 
(2019) who reported that pairs of traits have a direct relationship as they are controlled by the 
same genes in the same direction, thereby meaning that the selection of one trait will directly 
lead to an automatic improvement in other traits. 
Table 2: Phenotypic Correlation among morphometric traits 
 TBW HL HG TL TBL 
 
T1 (Grower mash) 
TBW  -0.246NS -0.344NS -0.800*** -0.418NS 
HL -0.299NS  0.953*** 0.697** 0.930*** 
HG -0.326NS 0.969***  0.804*** 0.951*** 
TL -0.432NS 0.933*** 0.963***  0.845*** 
TBL -0.296NS 0.961*** 0.990*** 0.972***  
T2 (Sorghum) 
TBL = total body length, HL = head length, HG = head girth, TL = tail length and TBL = total body 
weight *** = (p<0.01), ** = (p<0.05), NS = Not significant 
 
Table 3: Phenotypic Correlation among morphometric traits 
 TBW HL HG TL TBL 
 
T3 (Yam peel) 
TBW  -0.150NS -0.247NS -0.472NS -0.360NS 
HL -0.214NS  0.888*** 0.780** 0.831*** 
HG -0.225NS 0.972***  0.853*** 0.967*** 
TL -0.400NS 0.858*** 0.886***  0.844*** 
TBL -0.390NS 0.899*** 0.866*** 0.961***  
T4 (Fresh cassava) 
TBL = total body length, HL = head length, HG = head girth, TL = tail length and TBL = total body 
weight *** = (p<0.01), ** = (p<0.05), NS = Not significant 
 
Table 4: Phenotypic Correlation among morphometric traits 
 TBW HL HG TL 
TBW     
HL -0.150NS    
HG -0.247NS 0.881***   
TL -0.472NS 0.780*** 0.853***  
TBL -0.360NS 0.831*** 0.967*** 0.844*** 
 T5 (Panicum maximum) 
TBL = total body length, HL = head length, HG = head girth, TL = tail length and TBL = total body 
weight *** = (p<0.01), ** = (p<0.05), NS = Not significant. 
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3.3. Prediction of body weight from quantitative trait measurements 
The prediction equations to estimate body weight from quantitative traits measurement for all 
the treatments is presented in Table 5. Across the three treatments, coefficient of determination 
(R2) ranged from 0.004 to 0.832 In T1, cubic equation (CE) had the highest (0.494) coefficient of 
determination (R2) and least standard error of estimation (23.039), followed by multiple linear 
equations (MLE) and quadratic equation (QE) with 0.474 and 0.216 respectively while simple 
linear equation (SLE) had the least coefficient of determination (0.181). In T2, MLE had the 
highest R2 (0.693) followed by CE (0.689), while SLE had the least (0.438) R2. In T3, MLE also had 
the highest R2 (0.802). It was followed by CE and QE with R2 of 0.752 and 0.516 respectively, 
while SLE had the least (0.100) R2. In T4, the highest R2 belonged to MLE (0.574), followed by CE 
(0.403) and SL had the least (0.139) R2. Unlike T4, in T5 CE had the highest (0.832) R2 and SL had 
the least (0.004) R2. The high R2 of 0.654 to 0.855 among the treatments indicates that the 
variable used in the equations explained about 65.40% to 85.50% of the variations in some of the 
models. Apart from the use of high R2 value of these trait models, low SSE value could also be 
used. This is supported by Topal et al. (2003), Sam et al. (2017) and Ukpong et al. (2019) who 
noted that either R2 or SSE could confidently be used to investigate the fitting state of simple 
and multiple regression models to actual data for estimation of body weight of livestock. Also, 
the results of the estimated models confirmed that bodyweight of Arvicanthis niloticus can be 
predicted from the use of its quantitative traits measurement.  
Table 5: Prediction of body weight from quantitative trait measurements 
Treatment Equation Prediction equations R2 SEE 
T1 (Grower 
mash) 
Simple linear y = 222.93 - 0.496*TBL 0.181 25.854 
Multiple linear y = 179.92 + 10.064*HL - 9.186*HG - 2.221*TL + 
1.529*TBL 
0.474 25.370 
Quadratic y = -527.761 + 5.586*TBL - 0.012*TBL2 0.216 26.833 
Cubic y = -25897.50 + 313.674*TBL - 1.253*TBL2 + 0.002*TBL3 0.494 23.039 
T2 (Sorghum) Simple linear y = 129.225 - 0.157*TBL 0.438 11.598 
Multiple linear y = 85.284 + 2.398*HL - 1.431*HG - 2.423*TL + 
1.183*TBL 
0.693 8.745 
Quadratic y = 612.156 - 4.231*TBL + 0.008*TBL2 0.607 8.581 
Cubic y = -1523.43 + 22.749*TBL - 0.104*TBL2 + 0.0001*TBL3 0.689 8.159 
T3 
(Yam peel) 
Simple linear y = 95.52 - 0.061*TBL 0.100 5.698 
Multiple linear y = 77.241 + 2.938*HL + 4.463*HG + 0.860*TL - 
1.980*TBL 
0.802 2.532 
Quadratic y = 496.096 - 3.445*TBL + 0.007*TBL2 0.516 4.430 
Cubic y = -2332.25 + 31.454*TBL - 0.135*TBL2 + 0.0002*TBL3 0.752 0.124 
T4 
Fresh Cassava 
Simple linear y = 102.423 - 0.070*TBL 0.139 5.330 
Multiple linear y = 102.104 + 0.401*HL + 1.198*HG - 0.711*TL - 
0.088*TBL 
0.574 4.591 
 Quadratic y = 281.728 - 1.529*TBL + 0.003*TBL2 0.229 5.351 
 Cubic y = -3166.03 + 40.917*TBL - 0.170*TBL2 + 0.0002*TBL3 0.403 5.035 
Panicum 
maximum 
Simple linear y = 95.503 - 0.020*TBL 0.004 9.734 
 Multiple linear y = 119.642 + 1.464*HL + 0.722*HG - 1.127*TL+ 
0.012*TBL 
0.693 6.613 
 Quadratic y = 716.287 - 5.122*TBL + 0.010*TBL2 0.725 5.424 
 Cubic y = -2141.81 + 30.410*TBL - 0.135*TBL2 + 0.0001*TBL3 0.832 4.522 
R2 = Coefficient of determination, SEE = standard error of estimation, TBL = total body length, HL = 
head length, HG = head girth, TL = tail length and y = total body weight. 
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3.4. Comparison between measured and estimated body weight 
The result showing the comparison of the actual body weight and estimated body weight in 
table 4 indicates that the estimated weight of Nile rats varied among the different models used. 
However, multiple linear models were very accurate in estimating the actual weight of the rats 
in T5 but overestimated the weight of T2, T3, and T4. Also, the simple linear model had the closes 
estimated value for T2 and T4, while other models either underestimated or overestimated the 
actual weight of the rats. This implies that either multiple linear equations or simple linear 
equations can be used with relative confidence in modeling the growth or weight of the Nile 
rat. The relative accuracy of the model confirms the assertion of Ukpong et al. (2019) and 
Jacob et al. (2019) that the bodyweight of an animal can be predicted from its quantitative 
traits measurements with relative accuracy irrespective of the treatment given to it. These results 
also aggress with Okon et al. (2010) and Sam et al. (2017) observation that there are no 
significant differences between actual body weight and estimated body weight using models. 
 
Table 6: Comparison between measured and estimated body weight values 
 
 
4. Conclusion and Recommendation 
The result of the study showed that there existed no significant differences in quantitative traits 
of Arvicanthis niloticus fed under different feed treatments. Also, the bodyweight of Arvicanthis 
niloticus could be predicted using its morphometric trait parameters, while simple and multiple 
linear equations could be used to estimate the weight of Arvicanthis niloticus with relative 
accuracy. The study recommends the use of grower mash and sorghum to feed Arvicanthis 
niloticus in captivity as they are high in feed nutrient as it will bring about improvement in the 
quantitative traits of the rats, thereby ensuring its sustainable production. 
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